
ELY LEVY, AMNON BARAK, AMNON SHILOH, 
MATTHIAS LIEBER, CARSTEN WEINHOLD, HERMANN HÄRTIG

Faculty of Computer Science  Institute of Systems Architecture, Operating Systems Group

The Hebrew University  
of Jerusalem

OVERHEAD OF A DECENTRALIZED 
GOSSIP ALGORITHM ON THE 
PERFORMANCE OF HPC APPLICATIONS



TU Dresden Overhead of a Decentralized Gossip Algorithm

MOTIVATION

Management tasks in supercomputers: 
Process placement 
Load management 
System monitoring 

Up-to-date information required to make 
informed decisions
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REQUIREMENTS

Low overhead on application performance  

Scalability: 
Decentralized information dissemination 
Decentralized decision making 

Fault tolerance
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RANDOMIZED GOSSIP
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MERGING WINDOWS
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WINDOW SIZE
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Gossip Algorithm:

At a fixed point during each unit of time, each node:

• Updates its own entry in the locally stored vector
with the current state of the local resources and
sets the age of this information to 0;

• For the remaining vector entries, updates the
current age to the age at arrival plus the time
passed since;

• Immediately sends a fixed-size window with the
most recent vector entries to another node,
which is chosen randomly with a uniform dis-
tribution.

When a node receives a window, it:

• Registers the window’s arrival time in all the re-
ceived entries using the local clock;

• Updates each of its vector’s entries with the cor-
responding window entry, if the latter is newer.

Figure 1: The gossip algorithm with fixed window
sizes.

Technologies such as MOSIX are known to perform well
for UNIX clusters. However, the overhead caused by
MOSIX-like gossip algorithms on large-scale HPC machines
is not well understood, as these systems are much more sus-
ceptible to network jitter. Menon and Kalé evaluated the
performance of GrapevineLB [11], a load balancer exploiting
gossip algorithms on top of the Charm++ runtime system.
Their paper showed that the overall performance is improved
substantially, but they do not discuss the overhead caused by
gossip-related messages being exchanged among the nodes.
Soltero et. al. evaluated the suitability of gossip-based infor-
mation dissemination for system services of exascale clus-
ters [12]. Their simulations showed that good accuracy can
be achieved for power management services with up to a
million nodes. However, experiments using their prototype
were emulating only 1000 nodes and did not include mea-
surements of network or gossip overhead on the applications.

Bhatele et al. [13] identify the contention for shared net-
work resources between jobs as the primary reason for run-
time variability of batch jobs in a large Cray system. On
BlueGene systems, however, each job is assigned a private
contiguous partition of the torus network, so that contention
is avoided. In our measurements, we combined two appli-
cations (a gossip program and an application benchmark)
in a single batch job on a BlueGene/Q system, such that
network contention becomes a critical concern. We then
measured the slowdown of the application due to the gossip
activities.

3. THE GOSSIP ALGORITHM
Consider a cluster with a large number of active nodes.

Assume that each node regularly monitors the state of its
relevant resources and also maintains an information vec-
tor with entries about the state of the resources in all the
other nodes. Each such vector entry includes the state of
the resources of the corresponding node and the age of that
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Figure 2: Average vector age (relative to the unit of
time) for window sizes ranging from 10% to 100%
of the number of nodes.

information. The gossip algorithm disseminates this infor-
mation among nodes.
The algorithm that is used in this paper was developed

in [1]. Figure 1 shows the pseudo code. Briefly, in this
algorithm, every unit of time, each node monitors the state
of its resources and records it in its vector entry. Each of the
nodes then exchanges a window containing a fixed amount of
the newest information in its vector with another randomly
chosen node. Thus, each node receives, on average, in every
unit of time information about other nodes and each of them
eventually learns about the state of all nodes. Note that
the nodes are not synchronized, i. e. all the nodes use the
same unit of time but run independently using their own
local clocks. One relevant parameter for the algorithm’s
performance is the size of the window, i. e., the amount of
information sent by each node. Another parameter that is
studied in this paper is the unit of time, which determines
the rate of the information dissemination.

4. BENCHMARK SETUP
In a preliminary study, we measured the average age of

the vector vs. the size of the circulated window, for di↵er-
ent cluster sizes. The results are depicted in Figure 2 for
1024 and 2048 nodes. Configurations with 4096 and 8192
nodes show similar behavior. From the figure it can be seen
that the steepest decrease in the average age of the vector is
when increasing the window size from 10% to 20%, whereas
larger windows provide only marginal benefit at the cost of
transmitting significantly more data. As we will show in
Section 5.2, circulating larger gossip messages causes higher
overhead than increasing the gossip rate. We therefore de-
cided to run all experiments with a window size of 20% of
the vector size.

4.1 BlueGene/Q Hardware
We performed measurements on the IBM BlueGene/Q

system JUQUEEN installed at Jülich Supercomputing Cen-
tre, Germany, which is ranked number 8 in the Novem-
ber 2013 Top500 list of the largest supercomputers. The
JUQUEEN system has 28 672 nodes, each equipped with
one 16-core PowerPC A2 1.6GHz processor, resulting in a
total of 458 752 cores. The 5D torus network has a peak
bandwidth of 2GB/s per link, which can send and receive
at that rate simultaneously [14]. Since each node has 10

How much data to send? 

• Small window sizes already yield good average age 

• Diminishing return for larger window sizes 

• Example: 20% of 1024 nodes w/ 1KiB per node ➞ 200 KiB
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HARDWARE
BlueGene/Q at Jülich (JUQUEEN) 
28.672 nodes total (used 1024 – 8192) 
16 cores per node (PowerPC A2 @ 1.6 GHz) 
5D torus network (10 links per node) 
2 GB/s per link send + receive 
Total bandwidth per node: 40 GB/s 
2.6 µs worst-case latency
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GOSSIP ALGORITHM
MPI-based implementation (MPI_Bsend) 
Gossip algorithm runs on 1 core 
Application uses remaining 15 cores 

How to run two programs on BG/Q? 
Gossip algorithm + application linked together 
MPI communicators configured to hide every 
16th core from application 
Wrapped all uses of MPI_COMM_WORLD

8
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BENCHMARKS

HPCC suite: MPI-FFT 

HPCC suite: PTRANS 

Application: COSMO-SPECS+FD4
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Heavy network usage 

Moderate network usage
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BENCHMARKS

HPCC suite: MPI-FFT 

HPCC suite: PTRANS 

Application: COSMO-SPECS+FD4
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HPCC: MPI-FFT
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Figure 3: PTRANS performance in GB/s (higher is better).
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Figure 4: MPI-FFT runtime (lower is better). Inner red part indicates the MPI portion.
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Figure 5: COSMO-SPECS+FD4 runtime (lower is better). Inner red part indicates the MPI portion.
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Figure 3: PTRANS performance in GB/s (higher is better).
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Figure 4: MPI-FFT runtime (lower is better). Inner red part indicates the MPI portion.
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Figure 5: COSMO-SPECS+FD4 runtime (lower is better). Inner red part indicates the MPI portion.

Benchmark: Fast 
Fourier Transform 

• All-to-all comm-
unication pattern 

• Stresses bisection 
bandwidth 

• 1024 nodes: 136 
million vector 
elements 
(2025 GiB) 

• 2048+ nodes: 544 
million vector 
elements 
(8100 GiB)
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Figure 4: MPI-FFT runtime (lower is better). Inner red part indicates the MPI portion.
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 0  250  500  750  1000

Without Gossip

Interval = 1024 ms

Interval = 256 ms

Interval = 64 ms

Interval = 16 ms

Interval = 8 ms

Interval = 4 ms

Interval = 2 ms

1024 Nodes

 994 GB/s 

 990 GB/s 

 993 GB/s 

 980 GB/s 

 990 GB/s 

 984 GB/s 

 971 GB/s 

 973 GB/s 

 0  400  800  1200  1600

2048 Nodes

 1646 GB/s 

 1654 GB/s 

 1653 GB/s 

 1637 GB/s 

 1623 GB/s 

 1585 GB/s 

 1555 GB/s 

 0  800  1600  2400  3200

4096 Nodes

 3217 GB/s 

 3235 GB/s 

 3212 GB/s 

 3210 GB/s 

 3106 GB/s 

 3060 GB/s 

 3064 GB/s 

 0  1400  2800  4200  5600

8192 Nodes

 5652 GB/s 

 5638 GB/s 

 5641 GB/s 

 5594 GB/s 

 5417 GB/s 

 5395 GB/s 

Figure 3: PTRANS performance in GB/s (higher is better).

 0  10  20

Without Gossip

Interval = 1024 ms

Interval = 256 ms

Interval = 64 ms

Interval = 16 ms

Interval = 8 ms

Interval = 4 ms

Interval = 2 ms

1024 Nodes

 19.0 s 

 19.0 s 

 19.0 s 

 19.0 s 

 19.1 s 

 19.2 s 

 19.5 s 

 20.0 s 

 12.2 s 

 12.2 s 

 12.2 s 

 12.2 s 

 12.3 s 

 12.4 s 

 12.7 s 

 13.2 s 

 0  20  40  60

2048 Nodes

 50.2 s 

 50.2 s 

 50.4 s 

 50.5 s 

 51.1 s 

 52.0 s 

 54.0 s 

 36.4 s 

 36.4 s 

 36.5 s 

 36.6 s 

 37.2 s 

 38.1 s 

 40.0 s 

 0  20  40  60

4096 Nodes

 40.0 s 

 40.0 s 

 40.2 s 

 40.7 s 

 42.6 s 

 45.3 s 

 32.9 s 

 32.9 s 

 33.1 s 

 33.6 s 

 35.5 s 

 38.1 s 

 0  20  40  60

8192 Nodes

 27.8 s 

 28.0 s 

 28.5 s 

 29.9 s 

 35.2 s 

 42.2 s 

 24.0 s 

 24.2 s 

 24.7 s 

 26.1 s 

 31.4 s 

 38.4 s 

Figure 4: MPI-FFT runtime (lower is better). Inner red part indicates the MPI portion.
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Figure 5: COSMO-SPECS+FD4 runtime (lower is better). Inner red part indicates the MPI portion.
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COSMO-SPECS+FD4
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Benchmark: Atmo-
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Figure 6: Percentages of the gossip algorithm processes being busy generating and processing messages while
running the COSMO-SPECS+FD4 overhead measurements.

nodes, we were not able run with a gossip rate below 4ms.
In these cases, the gossip processes could not keep up with
the high rate of incoming messages, leading to overflow of
the send bu↵ers and abort of the benchmark. Note that pro-
cessing a received message (i. e., merging the received win-
dow with the own vector) consumes more CPU time than
generating and sending a vector. These results show the im-
portance of a highly optimized implementation of the gossip
algorithm, preferably avoiding linear relationship of work-
load and window size, to be applicable in exascale systems.

6. CONCLUSIONS AND OUTLOOK
We presented a randomized gossip algorithm that is de-

signed for load management and monitoring services on
large-scale HPC systems. The algorithm is fault-tolerant
and suitable for disseminating information among thousands
of nodes. We developed an MPI-based implementation of
a gossip algorithm that mimics the network usage of such
a system service and measured its overhead on the perfor-
mance of applications that ran on the same set of nodes. Our
experiments on a BlueGene/Q system showed, that in most
cases, no noticeable overhead is observed for gossip intervals
of 256ms and higher when running on 8192 nodes. Only
the communication-bound MPI-FFT benchmark showed a
small overhead of 2.3%, which drops to less than 0.6% for
4096 nodes and less. We found that increasing the gossip
rate has a greater impact on the performance of commu-
nication-bound applications, when the number of gossiping
nodes increases. This e↵ect is caused by larger messages
sizes, as information about more nodes is transmitted across
the network in each gossip round. By analyzing the com-
munication patterns used in the applications, we identified
collective MPI communication to be much more sensitive to
slowdown due to network contention compared to point-to-
point messages.

We investigated gossip overhead in a large-scale Blue-
Gene/Q system. We will expand our measurements to other
systems to study di↵erent types of HPC interconnects, like
InfiniBand and Cray Aries. Furthermore, the work pre-
sented in this paper is now being extended [21] to be suitable
for exascale systems, which are expected to consist of hun-
dreds of thousands of nodes. For systems of this size, it is
necessary to optimize the performance of the gossip imple-
mentation and to use a hierarchical approach to gossiping.

Evaluating the hierarchical version of our algorithm is sub-
ject to future work.
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Figure 6: Percentages of the gossip algorithm processes being busy generating and processing messages while
running the COSMO-SPECS+FD4 overhead measurements.

nodes, we were not able run with a gossip rate below 4ms.
In these cases, the gossip processes could not keep up with
the high rate of incoming messages, leading to overflow of
the send bu↵ers and abort of the benchmark. Note that pro-
cessing a received message (i. e., merging the received win-
dow with the own vector) consumes more CPU time than
generating and sending a vector. These results show the im-
portance of a highly optimized implementation of the gossip
algorithm, preferably avoiding linear relationship of work-
load and window size, to be applicable in exascale systems.

6. CONCLUSIONS AND OUTLOOK
We presented a randomized gossip algorithm that is de-

signed for load management and monitoring services on
large-scale HPC systems. The algorithm is fault-tolerant
and suitable for disseminating information among thousands
of nodes. We developed an MPI-based implementation of
a gossip algorithm that mimics the network usage of such
a system service and measured its overhead on the perfor-
mance of applications that ran on the same set of nodes. Our
experiments on a BlueGene/Q system showed, that in most
cases, no noticeable overhead is observed for gossip intervals
of 256ms and higher when running on 8192 nodes. Only
the communication-bound MPI-FFT benchmark showed a
small overhead of 2.3%, which drops to less than 0.6% for
4096 nodes and less. We found that increasing the gossip
rate has a greater impact on the performance of commu-
nication-bound applications, when the number of gossiping
nodes increases. This e↵ect is caused by larger messages
sizes, as information about more nodes is transmitted across
the network in each gossip round. By analyzing the com-
munication patterns used in the applications, we identified
collective MPI communication to be much more sensitive to
slowdown due to network contention compared to point-to-
point messages.

We investigated gossip overhead in a large-scale Blue-
Gene/Q system. We will expand our measurements to other
systems to study di↵erent types of HPC interconnects, like
InfiniBand and Cray Aries. Furthermore, the work pre-
sented in this paper is now being extended [21] to be suitable
for exascale systems, which are expected to consist of hun-
dreds of thousands of nodes. For systems of this size, it is
necessary to optimize the performance of the gossip imple-
mentation and to use a hierarchical approach to gossiping.

Evaluating the hierarchical version of our algorithm is sub-
ject to future work.
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RATE VS WIN SIZE

14

Window Size
Gossip Interval 10 % 20 % 40 % 80 %

1 ms 3.8%

2 ms 1.8% 4.7%

4 ms 1.1% 2.6% 6.3% 17.2%

8 ms 0.7% 1.4% 3.2% 8.7%

16 ms 0.3% 0.7% 1.8% 4.5%

32 ms 0.3% 0.4% 0.9% 2.6%

64 ms 0.2% 0.3% 0.6% 1.5%
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REACTION TIME?
Gossip intervals + average vector age: 

256 ms  ➞  2–3 s 
1024 ms  ➞  10 s 

Applicability for system services: 
Global load information (allocation, …) 
Local load balancing (MOSIX-like, …) 
System monitoring (node health, …)
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FUTURE WORK
Other types of network (Infiniband, Cray, …)  
Fault tolerance, loss of messages 

Must adapt for exascale systems: 
Incomplete knowledge at each node 

Groups of gossip nodes 
Smaller vectors 

Hierarchical gossip for global view
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CONCLUSIONS
Gossip algorithm scales to thousands of nodes  
Increasing window size causes more overhead 
than decreasing gossip interval 
Collective MPI communication most sensitive 
Gossip intervals of 256–1024 ms with no 
noticeable overhead (in most cases) 
Average age of information at nodes in the 
order of 2–3 s with gossip interval of 256 ms
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